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(54) Title of Invention DA CONVERTER 

(57) Abstract 

Object To provide a DA converter which can effectively 
use higher harmonics generated by sampling, and with few unnec- 
essary spurious signals or noise. Moreover, using this DA 
converter to provide a signal generator which can generate signals 
of required frequency with few unnecessary spurious signals or 
noise. 

Constitution A DA converter is realized which effectively 
uses higher harmonic components generated by means of 
sampling; extracting the fundamental wave component using a tank 
circuit 6 from a clock signal applied to the DA converter 2, and 
corrects the frequency characteristic by multiplying the output 
signal of the DA converter 2 by this extracted signal. Furthermore, 
equipping this DA converter 2 with a DDS 7, a signal generator is 
obtained which can generate signals of a required frequency, with 
few unnecessary spurious signals or noise, by means of the clock, 
frequency applied to the DA 2 and changing the frequency setting 
code of the DDS 7. 
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Scope of Patent Claims 

Claim 1 A DA converter device, wherein it is equipped with DA converter means which 
convert input digital signals to analog signals, and clock generating means which supply a clock 
signal to the said DA converter means, and a tank circuit in order to extract n-fold (n being an 
integer) frequency components of its fundamental wave component from the said clock signal, 
and multiplying means to obtain a required output signal, multiplying together the output signal 
of the said tank circuit and the output signal of the said DA converter means. 

Claim 2 A signal generator device, wherein it is equipped with digital signal generating 
means which generates a digital code signal of predetermined frequency corresponding to the 
applied output frequency setting code, and DA converter means which converts the said digital 
code signal to an analog signal, and a clock generating means which provides a clock signal to 
the said digital signal generating means and DA converter means, and a tank circuit in order to 
extract an n-fold (n being an integer) frequency component of its fundamental wave component 
from the said clock signal, and multiplying means to obtain a required output signal, multiplying 
together the output signal of the said tank circuit and the output signal of the said DA converter 
means. 

Claim 3 A signal generator device wherein, in the signal generator device of claim 2, it has 
means to change respectively the frequency of the said clock signal, and the output frequency 
setting code in the said digital signal generating means. 

Claim 4 An FM modulator which includes the signal generator device of claim 3. 
Detailed Description of the Invention 
[0001] Field of Industrial Utilization 
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The present invention relates to DA converter devices which convert digital signals to 
analog signals; and to signal generator devices using these DA converter devices; and in addition, 
to FM modulator devices which include these signal generator devices. 

[0002] Prior Art Technolosv 

The prior art technology of DA converter devices which perform correction of aperture 
distortion, multiplying pulse waves in the output signal of DA converters, is described, for 
example, in Japanese Patent Application Hei 6-103149. This prior art technology is described 
hereinbelow, using Fig. 3. Fig. 3 shows the block constitution of this prior art technology. From 
the digital signal input terminal 1, an n-bit (n being an integer) digital signal is supplied to the 
DA converter 2. In this DA converter 2, on the other hand, according to the period of a clock 
signal supplied from a clock generator 5, the said n-bit digital signal is converted to an analog 
signal. The frequency characteristic of this output signal of the DA converter 2 becomes, for 
example, the characteristic shown in Fig. 4. Namely, in this Figure, the frequency characteristic 
of the output signal of the DA converter 2 becomes the frequency characteristic as shown by the 
full line, with a characteristic aperture effect b (dot-dash line) on the spectrum a of the original 
analog signal, in a signal spectrum c (broken line) returned for each sampling frequency (fs). 

[0003] Here, in the case of positively using the high harmonic components by means of 
sampling, using up to near the Nyquist frequency (fs/2) as the frequency component of the analog 
signal, in the prior art, disposing a waveform shaping circuit 8 in order to perform a required 
waveform shaping treatment on the clock signal generated from the clock generator 5, amplitude 
distortion was corrected by means of the aperture effect, due to a constitution such as to multiply 
together in a multiplier 3 the signal which was shaped to the required pulse waveform, and the 
output signal of the said DA converter 2. Moreover, the constitution is generally used to convert 
the frequency component f of the output signal of the DA converter 2 to a required frequency 
band fcv, as a constitution in order to frequency convert to a required frequency band fcv, as 
shown in Fig. 8, causes the generation from a local oscillator 9 of a signal fLO which has a 
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frequency which becomes fcv - f by means of muhiplying together, using a multiplier 3, this 
signal fLO and the output signal of the DA converter 2. 

[0004] Problems to Be Solved Bv the Invention 

As shown in the above prior art, because the constitution shown in Fig. 3 is one in which 
pulse waveform signals which contain many unnecessary high frequency components are 
provided in one input of the multiplier 3, unnecessary high frequency components are contained 
in this pulse wave signal; multiplying the output signal of the DA converter 2, the problem was 
that the unnecessary frequency components (spurious components) which have to be suppressed 
are also markedly increased in the output signal of the multiplier 3. Moreover, there is the 
problem that the high harmonic components contained in the pulse wave also become 
superposed, via the power supply line or the ground line, on the output signal of the filter 10 and 
the like disposed in the later stages of the multiplier 3. Moreover, in the frequency converter 
circuit of the constitution shown in the said Fig. 8, there is the problem that, due to the selection 
method of the output signal fLO from the local oscillator 9, spurious components arise in the 
neighborhood of the signal fcv after the frequency converter, and cannot be suppressed by the 
filters of later stages. 

[0005] The present invention has as its first object to provide a DA converter from which an 
output signal is obtained in which, eliminating high frequency components contained in a pulse 
wave, noise components containing spurious components are markedly reduced. A second object 
of the present invention is to provide a signal generator containing a frequency converter circuit 
which can be realized in a comparatively simple constitution, with the possibility of frequency 
converter to a required frequency band, and also a later stage spurious component-suppressing 
filter. 

[0006] Means to Solve the Problems 

The present invention, so as to attain the said first object, is constituted with a tank circuit 
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inputting clock signals of a DA converter means, in order to extract n-fold (n being an integer) 
frequency components of its fundamental wave component from the said clock signals, and so as 
to multiply together the output signal of the said tank circuit and the output signal of the said DA 
converter means, in order to obtain a required output signal. 

[0007] Moreover, in order to attain the said second object, it is equipped with digital signal 
generating means which generates a digital code signal of predetermined frequency corre- 
sponding to the output frequency setting code which was applied, and a DA converter means 
which converts the said digital code signal into an analog signal, and a clock circuit providing a 
clock signal to the said digital signal generating means and the DA converter means, and a tank 
circuit in order to extract an n-fold (n being an integer) frequency component of its fundamental 
wave component from the said clock signal, and multiplying means to obtain a required output 
signal, multiplying together the output signal of the said tank circuit and the output signal of the 
said DA converter means; and in addition, means are disposed in order to respectively change the 
frequency of the said clock signal and the output frequency setting code in the said digital signal 
generating means. 

[0008] Operation 

The result is that, as regards the input signal of the multiplier, the output signal of the 
tank circuit can markedly reduce noise components in the output signal of the multiplier, in order 
for few noise components of spurious components and the like, compared with the pulse 
waveform signal of the prior art; also, by a comparatively simple constitution as mentioned 
above, with low noise, and also by means of aperture effect, a DA converter output signal 
corrected for amplitude deterioration can be obtained. Moreover, using this DA converter 
device, a signal generating device can be realized with low noise, and also can generate a 
required frequency signal. 

[0009] Embodiment Example 
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An embodiment example of the DA converter device of the present invention is described 
hereinbelow with reference to Fig. 1. In Fig. 1, the digital signal input terminal 1, supplied with 
an n-bit digital input signal, is connected via the DA converter 2, multiplier 3, and bandpass filter 
10, to the analog signal output terminal 4. Moreover, the output stage of the clock generator 5 is 
connected to the DA converter 2 and the tank circuit 6. Furthermore, this tank circuit 6 is 
connected to the input of the said multiplier 3. 

[0010] A description of its operation is given below. An n-bit (n being an integer) digital signal 
is supplied to the DA converter 2 from the digital signal input terminal 1. In this DA converter 2, 
on the other hand, according to the period of a clock signal (frequency fs) supplied from the 
clock generator 5, the said n-bit digital signal is converted into an analog signal. The frequency 
characteristic of the output signal of this DA converter 2, for example, consists of the 
characteristic shown in Fig. 4. Namely, in this Figure, the frequency characteristic of the output 
signal of the DA converter 2, with respect to the spectrum a of the original analog signal, consists 
of a frequency characteristic as shown by the solid line; namely, the analog effective 
characteristic b (dotted line) was superimposed on the signal spectrum c (broken line), which is 
repeated each sampling frequency (fs) and has a Fourier transform of isolated rectangles. 

[0011] On the other hand, a sine wave which is the fundamental wave component of the input 
clock signal is output when the clock signals output from the clock generator 5 are fed to the tank 
circuit 6. When the sine wave from this tank circuit 6 and the output signal of the DA converter 
2 are multiplied together by the multiplier 3, the frequency characteristic of the aperture effect is 
converted, as shown in Fig. 5, a DA converter output is obtained with amplitude deterioration 
corrected by means of the frequency characteristic of the aperture effect. In the same Figure, aD 
shows the spectrum of the output at the analog signal output terminal 4 of the DA converter 
device shown in Fig. 1, bD shows the frequency characteristic of the frequency converted 
aperture effect, and d shows the frequency characteristic of the bandpass filter 10 of Fig. 1. Here, 
if the tuning frequency f of the tank circuit 6 is tuned to the n-fold (n being an integer) high 
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harmonic of the clock frequency fs, and similarly as regards n times the sampling frequency fs, 
with respect to amplitude distortion, correction is possible by means of the aperture effect. As a 
specific illustration of the constitution of this tank circuit 6, for example, the circuit constitution 
as shown in Fig. 9 can be realized. In the Figure, the tuned frequency of the tank circuit can 
easily be changed by changing the value of L or C in the circuit, and it is possible to extract the 
required signal component (a frequency tuned to n times (n being an integer) the clock frequency 
fs) from the clock signal which was input. 

[0012] Next, a description is given, using Fig. 2, of one embodiment example of a signal 
generator device according to the present invention. The digital signal input terminal 1, supplied 
with a k-bit (k being an integer) digital signal, is connected, via direct digital synthesizer (DDS) 
7, DA converter 2, multiplier 3, and band limiting filter 10, to the analog signal output terminal 
4. On the other hand, the control signal input terminal 12 is connected to a variable frequency 
oscillator 1 1. The output stage of this variable frequency oscillator 1 1 is connected to the DDS 7, 
DA converter 2, and tank circuit 6; furthermore, the tank circuit 6 is connected the other side 
input of the said multiplier 3. The operation is described below. The DDS 7 is an element which 
generates an n-bit digital code signal corresponding to the frequency (fs) of the clock signal 
supplied from the variable frequency oscillator 1 1 and a k-bit digital code signal supplied from 
the digital input terminal 1. The n-bit digital code signal output from this DDS 7 is input to the 
DA converter 2. Except for this, the operation of this embodiment example is the same as that of 
the aforementioned DA converter. Here, using the DDS 7, the generation is considered of an 
extremely low frequency compared with the sampling frequency (clock frequency). This time, 
the variable frequency oscillator 1 1 is taken as fixed. Specifically, when the clock frequency is 
20 MHz, and the frequency generated using the DDS 7 is 100 KHz, the spectrum of the output 
signal of the multiplier 3 becomes that shown in Fig. 6(a). In this, taking the actual required 
signal to be the desired wave A (19.9 MHz), it is necessary to suppress frequency components 
other than the desired wave A by means of the band limiting filter 10. However, it becomes 
difficult in actuality to sufficiently suppress the spurious component B closest to the desired 
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wave A, because a bandpass filter with an extremely high Q becomes necessary. For example, in 
the case of the spectrum of the output signal of the multiplier 3 having a characteristic as shown 
in Fig. 6(a), in order to obtain a spurious characteristic of -70 dBc in the output signal of the band 
limiting filter 10, this band limiting filter 10 has to use a 6th-order BPF of Q = 2000, which in 
fact is impossible in actuality. 

[0013] Here, controlling the oscillation frequency of the variable frequency oscillator 11 to be 30 
MHz, when the frequency generated by the DDS 7 is set to 10.1 MHz, the output spectrum of 
this multiplier 3 is as shown in Fig. 6(b), widening the frequency interval between the desired 
wave A and the spurious components, the realization of a filter in order to suppress the closest 
spurious component B becomes easy, and a DA converter output is obtained with few spurious 
signals and little noise. For example, in the case that the spectrum of the output signal of the 
multiplier 3 is the characteristic shown in Fig. 6(b), in the output signal of the band limiting filter 
10, similarly to the abovementioned, in order to obtain a -70 dB spurious signal characteristic, 
this can easily be obtained with a band limiting filter 10 using a 6th order BPF of Q = 20 as 
shown in Fig. 10. When a k-bit digital signal is supplied to the DDS 7, by changing the 
oscillation frequency (fs) of the variable frequency oscillator 11, it becomes possible to change 
the DA converter 2 output to a required frequency band. In this embodiment example, the 
variable frequency oscillator 11 may also be based on, specifically, a VCO (voltage controlled 
oscillator) or VCXO (voltage controlled quartz oscillator), or may be constituted using another 
DDS. 

[0014] A description is next given, using Fig. 7, of an application of the present invention which 
used this embodiment example. Fig. 7 is a block diagram of an FM modulator constituted using 
the signal generator device shown in Fig. 2. The modulation input terminal 13 is connected to 
the analog signal output terminal 4 via an adder 14, DDS 7, DA converter 2, multiplier 3, and 
bandpass filter 10. On the other hand, the control signal input terminal 12 is connected to the 
other input of the multiplier 3 via the variable frequency oscillator 11, DDS 7, DA converter 2, 
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and tank circuit 6; furthermore, the tank circuit 6 is connected to the other input of the multiplier 
3. The operation of this circuit is described below. As previously mentioned, the DDS 7 can set 
the frequency of the generated signal according to its clock signal and the input digital code. 
Here, if the data input from the modulation input terminal 13 is zero, Fig. 7 becomes a circuit 
equivalent to Fig. 2, the FM modulation center frequency is set at a constant Kw, and a single 
frequency component is output. Adding a modulation component with respect to this center 
frequency causes the code input to the DDS 7 to change, and FM modulation is generated by the 
changing of the frequency. The operation thereafter consists of the same operation as the 
embodiment example shown in Fig. 2, and it is possible to generate FM modulation in the 
required frequency band, with few spurious signals and little noise. 

[0015] Effects of the Invention 

By means of the present invention as described hereinabove, correction is performed of 
the amplitude-frequency characteristics in order to efficiently utilize the high frequency 
component of the DA converter output; and also, it becomes possible to realize a DA converter 
device from which a DA converter output signal is obtained having little noise which contained 
spurious components. Moreover, using this DA converter device, it becomes possible to realize 
a signal generator device which can generate a required frequency signal with low noise, and in 
addition, to realize an FM modulator device. 

Brief Description of the Drawings 

Fig. 1 is a block diagram showing an embodiment example of a DA converter according 
to the present invention. 

Fig. 2 is a block diagram showing an embodiment example of a signal generator device 
according to the present invention. 

Fig. 3 is a block diagram showing a constitutional example of a prior art DA converter 

device. 

Fig. 4 is a diagram showing one example of the frequency spectrum in the output signal 
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of a DA converter. 

Fig. 5 is a diagram showing the frequency spectrum in the output signal of a DA 
converter device according to the present invention. 

Fig. 6 is a diagram showing an example of the frequency spectrum in the output signal of 
a signal generator device according to the present invention. 

Fig. 7 is a block diagram showing an example of a practical application of the present 
invention. 

Fig. 8 is a block diagram showing a constitutional example of a frequency modulation 
circuit containing a DA converter of the prior art. 

Fig. 9 is a circuit diagram showing an intemal constitutional example of the tank circuit 
in the present invention. 

Fig. 10 is a diagram showing an example of the characteristic of a bandpass filter in the 
present invention. 
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14 adder 

a original analog signal 

b frequency characteristic of aperture effect 

c DA converter output signal when aperture effect is not received 

d frequency characteristic of bandpass filter 

aD output signal of DA converter device shown in Fig. 1 
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A desired wave 

B spurious component 

Captions in the Figures 

Figs. 1,2: 6 tank circuit 

Fig. 3: 8 pulse waveform shaping circuit 

Figs. 4, 5, 6(a) and 6(b): 

abscissa: frequency; ordinate, amplitude 
Fig. 7: 6 tank circuit 

Fig. 10: abscissa: frequency difference [?], MHz 

ordinate: amount of attenuation [?], dB 
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